Abstract: Knowledge, technology and the related infrastructure play a central role in a country's economic growth and global competitiveness. The two critical components of the science, technology and innovation (STI) infrastructure are education and information and communication technologies (ICT) that facilitate innovation and economic growth. The higher education institutions constitute an important part of this STI infrastructure by educating and training new generation to meet future demand by knowledge-intensive industries for high-skilled workers. No economic policy is drafted and implemented without referencing R&D activities that result in the advancement of S&T. A key indicator for an economy's knowledge-and technologyintensive status is the share of knowledge-and technology-intensive industries' share of gross domestic product (GDP). This paper attempts to give an overall assessment for the innovation ecosystem, and the key role the academic institutions play in it.
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Introduction
With the advent of the scientific and industrial revolutions in the 18th and 19th centuries, science and technology (S&T) has been the most powerful dynamic in societies for change. S&T has been central to our lives, and it continues to shape our world in more ways than ever before. There is hardly any segment of life that has not been affected by the S&T. The innovative goods, services and processes have been a driver for knowledge-intensive economic growth and the accumulation of wealth. The developments in S&T have transformed every aspect of the world from routine daily activities to global market place.
The age we live in is correctly called the age of information and communication. The societies are turning into knowledge societies, and the economies are becoming knowledge-based economies. Globalisation has turned the whole world into a village, and being competitive locally requires being competitive globally. The products that possess the highest added value are the ones that are the most technologically advanced. This puts increased emphasis on the science, technology and innovation (STI) infrastructure of companies and countries, and developing globally competitive STI policies.
There is no doubt that we live in a fast-changing world. The only thing that does not change is change itself. In this dynamic environment, those who do not change actually go backwards and remain behind. Science and technology is the driver of this change. The high pace of change will continue as long as there is demand for the better, and engineers will continue to design and manufacture new products to satisfy the thirst of consumers for novelty.
In 1950s and 1960s, for example, black and white TVs were technological wonders. In the following decades, colour TVs with remote controls became the norm. Now 3D TVs are making their way into our living rooms. With the advancement of holographic technologies, we will probably have TVs with no screens in the next decade.
On the automotive side, IEEE projects that by 2040 about 75% of cars will be autonomous.
1 Vehicle-to-vehicle (V2V) communication technology that will slow and even stop cars when sensors detect crashes are imminent is ready to be commercialised (O'Donnell and Kowalski, 2013) . Most major automotive manufacturers have aggressive development programs for electric and fuel-cell cars, and Tesla electric cars with a range of 400 km per charge and fuel cost of just $2.80 per 100 km (at $0.11/kWh) as well as Toyota hydrogen cars with fuel cell technology are attracting worldwide attention. Electronic eyes technology rendering a car completely transparent is being developed (Dillow, 2012) .
Change is also an intrinsic trait of humanity. Unlike animals, humans are changing beings. Honeybees continue to make honey the way they did a thousand years ago. But there is continual progress in what humans do, limited only by their imagination and the laws of nature (and ethics, to some extent). If we were content with what we already have -the smart phones, ultralight notebooks, 3D TVs, cars, airplanes, etc. -and do not ask for more improved products then there would be no need for engineering and engineers. The technicians, workers, and the industrial robots would continue to manufacture the best products we already have forever. As human beings, we always ask for the better, and thus there will always be a need for technology developments and engineering.
Agricultural, industrial and knowledge societies
When we examine the human history, we see that people lived as 'agricultural societies' for a long period. The measure of wealth, power, and prestige at those times was the size of the land owned, and the road to more wealth was through the acquisition of more land. Change was very slow, and the required skills and competences were simple. The life of products and professions (farming, crafts) were also very long, passing from fathers to sons.
The invention of the steam engine in 1712 by Newcomen marked the beginning of the industrial age and thus the 'industrial society'. Industrial revolution redefined wealth and power, and industrialisation that imparted raw materials many folds of added value has become the new measure of wealth. The speed of change in this age was relatively high, and the required skills and competences were varied but mostly mechanical (robotic). The measure of wealth, power, and prestige during industrial age was the amount of industrial goods produced. Farming did not disappear after industrial revolution; it simply became mechanised and thus more efficient. Industrialisation was the new measure of competitiveness. The industrial age saw the rise of the working class and the creation of new crafts and professions.
The invention of transistor in 1948 at Bell Labs marked the beginning of information age and the transformation to 'knowledge society'. Since the 1950s, with new emphasis on scientific research and technology development, the generation of knowledge has moved to the forefront and knowledge has become the most valuable commodity. For this reason, the countries that realised that this age is the age of sciences and reason are striving to realise knowledge-based economies.
The information age did not end industrialisation; it simply changed the nature of industrialisation from being labour intensive to being knowledge laden. Scientific knowledge and the new technologies developed as the outcomes of research and development (R&D) resulted in the development of new products. Now the new measure of wealth, power, and prestige is the new knowledge generated and new technology developed. Also, new technology is a major source of employment. Cloud computing, for example, is projected to create 1 million jobs in the USA alone. Therefore, there is great emphasis on developing new scientific knowledge, new technology, and new innovative products through R&D activities.
In this fast-paced information age, the life of products as well as professions is getting shorter and shorter. Developing a new product and producing it for years to come is becoming a thing of the past. This age requires highly trained and highly skilled workers and a culture of innovation, with an ecosystem to maintain it.
A striking example about the impact of knowledge is given by the World Bank. In 1960, Ghana and South Korea had about the same income per capita. But by 1990, Korea's income was six times that of Ghana's. At least half of this difference is attributed to Korea's being a knowledge-based economy. A 1999 World Bank study shows that high and medium technology goods constituted more than half (54%) of global trade in 1996 -up from 33% in 1976. The share of intangible intellectual property of the world's top 500 companies S&P 500 rose from 17% in 1975 to 84% in 2015.
2 According to World Intellectual Property Organization (WIPO, 2011), cross-border royalty licensing and royalty income rose from $2.8 billion in 1970 to $180 billion in 2009.
A good indicator of a knowledge-based economy is the average unit price of exported goods produced. The higher the level of knowledge economy, the higher the price of exports per unit mass. For example, Mitsubishi Electric of Japan has built two satellites in 2013 and 2014 for Turkey (Turksat 4A and 4B). These two satellites weigh 7,700 kg and cost a total of $571 million. That is, the unit cost of the satellites per kg is about $74,000, which is much higher than the unit price of pure gold (about $50,000/kg). Considering that the cost of the materials such as copper, iron, and plastic used in the construction of satellites is just a few dollars per kg, it is clear that the real value of satellite stems from the knowledge and technology it uses and the skilled workforce.
Also, the price of an ordinary car is about $20/kg while the price of tablet is about $500/kg. But the price of erythropoietin, a hormone that controls red cell production in blood, is about $27 billion/kg. This shows the tremendous added value high technology products, especially in biotechnology, can provide.
The accelerated increase in knowledge shortens the useful life of knowledge. Knowledge becomes outdated at an increasing rate. Starting with year '0' in Gregorian calendar, knowledge took 1,750 years to double for the first time. It then doubled in volume in 150 years and then in 50 years. Now every couple of years the amount of information in the world doubles. By 2020, knowledge is projected to double every 73 days. We are only capable of giving attention to a small fraction of it. It is a challenge to keep up with the new knowledge even in a narrow field, and the ability to filter good information from the bad has become a valuable skill. 3 Technology development continues at an ever-increasing rate, with no slowing down in sight. Today's cell phone, for example, has more computer power than all of NASA back in 1969, when it placed two astronauts on the moon. The Sony PlayStation of today, which costs a few hundred dollars, has the power of a military supercomputer of 1997, which cost several million dollars at the time.
The primary language of the new information in the world is English, which made English informally the universal language. Most web pages on the internet, for example, are in English. Knowing the 'world language' has now become part of being a 'world citizen'. A publication must be in English if it is to attract world attention. It is no surprise that almost all international scientific conferences as well as diplomatic meetings are in English. Having a defacto global language makes it easier to communicate, cooperate and coordinate at a global scale.
Education, innovation and entrepreneurship
Education and innovation are somewhat related, as education may provide the proper setting to stimulate innovation, but they are not directly tied to each other. It is interesting that the greatest technological innovators of our time are not even college graduates. As 'imagination is more important than knowledge' in Einstein's words, above and numerous other examples show that 'entrepreneurship is more important than plain knowledge' as well. But it should be pointed out that these high-achievers did not succeed because they dropped out of college; they dropped out because they achieved success while they were still in college, with highly innovative activities dating back to their grade school years. Indeed, these college dropouts and their firms hire the brightest graduates from the best universities instead of college dropouts, and many entrepreneur people hired by these companies quit their high-paying jobs and start their own companies after a while.
Steve Jobs co-founded Apple Computer in 1976 when he was 21 and, with his childhood friend Steve Wozniak, marketed what was considered the world's first personal computer -Apple II. In 2007, he transformed the cell phone into a handheld computer, music player, messaging device, digital wallet and of course a cell phone. After Steve Jobs's death in October 2011, President Barrack Obama described him as:
"Steve was among the greatest of American innovators -brave enough to think differently, bold enough to believe he could change the world, and talented enough to do it. By building one of the planet's most successful companies from his garage, he exemplified the spirit of American ingenuity. By making computers personal and putting the internet in our pockets, he made the information revolution not only accessible, but intuitive and fun. He transformed our lives, redefined entire industries, and achieved one of the rarest feats in human history: he changed the way each of us sees the world."
These are key attributes that innovators must strive to possess and educators must strive to instil in youngsters.
In 2015, Apple still tops the list of most innovative companies, followed by Google, Tesla, Microsoft and Samsung; although for Apple it is a different kind of innovation (Murray, 2015) . As Ross Rubin points out, "Apple's innovation focuses on bringing together different parts of an ecosystem and tightly integrating them together with meticulous attention to detail". 4 Packaging existing hardware in a distinctive way with intuitive software into a new competitive product with utmost usability, functionality, and ergonomics is no small innovation.
Brain power and economic impact of universities
The wealthiest nations in this information age are also the ones with the most brainpower rather than those with the most natural resources. Most powerful firms are those that invest in R&D and develop new technology. Countries that read the values of time correctly and realise the importance of highly skilled human capital do whatever is necessary to attract brainpower. Countries that are centres of attraction and thus are in the best position to attract the most brainpower have the competitive advantage, and they rip the benefits of enhanced brainpower.
In the USA, for example, immigrants have founded 52% of Silicon Valley's companies and created millions of jobs (Wadhwa, 2011) . MIT Economist Lester Thurow makes the point that Silicon Valley is just the shell of the creative thought and not the core: "today, knowledge and skills now stand alone as only the source of comparative advantage. Silicon Valley and Route 128 are where they are, simply because that is where the brain power is".
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A report from the Partnership for a New American Economy indicated that in 2011, 76% of patents awarded to the top 10 patent-producing US universities had at least one foreign-born inventor (Lippman, 2012) . The countries that have suffered brain drain for decades are now trying to reverse this trend by doing whatever is necessary to attract the best minds. China, Canada and Germany have initiated programs with generous funds to reverse the brain drain. Football is a good example for global competition for best players among the most competitive teams.
Universities are the environments where the concentrated brainpower nourishes the best. On 9 November 2012, Bloomberg News reported the findings of a study that almost 40,000 active for-profit companies trace their roots to Stanford University, and if they formed an independent country, it would be the world's tenth largest economy, with combined annual sales of about $2.7 trillion. Since 1930s, thee companies have generated an estimated 5.4 million jobs (Damast, 2012) . A similar study conducted in 2006 found that living MIT alumni had created 25,800 still active companies, which employed 3.3 million people and produced annual global revenues of almost $2 trillion. The magnitude of economic impact a single university can have is truly remarkable.
The Chronicle of Higher Education reported on 1 November 2011, based on a survey conducted by the Association of University Technology Managers (AUTM), that in 2010, a total of $2.4 billion ($850 million in 2001) in revenue is generated for licensing technologies generated at universities. The top revenue generating institutions were Northwestern University with $180 million, New York University with $178 million and Colombia University with $147 million. As the numbers indicate, universities can be a significant contributor to economic development and job growth.
A survey conducted by AUTM found that in FY 2014 (AUTM, 2016): From 1996 to 2013, the impact of the US academic institutions on the US economy has been determined to be: Over 80,000 US patents, $518 billion on US gross domestic product, $1.18 trillion on US gross industrial output and the creation of 3.8 million jobs. Survey also indicates that the new technologies developed benefit the areas where research is conducted the most: 77% of start-ups operate in home state where research is conducted. Historically, the spread of universities in the USA started about 150 years ago with the overall goal of supporting economic development. The Morrill Act of 1862 created 'land grant colleges' directed to apply new technological advancements in agriculture and industrialisation to enhance economic growth. The 'Cold War' after 1945 spawned new university-industry partnerships and the federal government investing heavily in defence-related research. Other factors such as the growth of science-based technology-intensive industries and increased global competition forced US companies to seek ways to improve their competitive positions through alliances with universities.
Universities contribute to the economic development of a country by:
1 developing technologies that are commercialised by the private sector 2 educating young people and equipping them with skills needed in a knowledge-based economy 3 partnering with industry and offering their accumulated expertise to the private sector.
An economy with inadequate workforce that lacks the necessary skills cannot be globally competitive. Therefore, it is essential that the infrastructure to meet the skilled workforce needs of an economy be in place. If the domestic infrastructure is inadequate then the country needs to make up for the skilled workforce deficit by importing labour or by importing education (or exporting students). Brazil, which is an emerging economy with high goals for the future but insufficient human capital, has started the 'Science without Borders' initiative aimed at reducing the nation's skills deficit by sending as many as 101,000 students to study abroad over a period of four years (Palmer, 2012) . The intention is to send half of the students to the USA to study in the STEM areas (science, technology, engineering and math). Without overcoming the skilled-worker shortage, which is creating a bottleneck, it is difficult to meet the ambitious economic goals. This is an opportunity for the USA and other developed countries with the highly rated educational institutions to reap the benefits by exporting higher education. During the 2014-2015 Academic year, 1,130,000 international students attended US colleges (which comprises 4% of university students), and their contribution to the US economy through tuition and living expenses is estimated to be $35 billion a year (Jordan, 2015) . Being home to 8 of the 10 highest rated universities in the world and about one-third of the top 100 universities, USA is the number one choice of the world's 4.5 million international students, and the US colleges and universities attract more foreign students than any other national system. China, India and South Korea with 331,000, 146,000 and 87,000 students, respectively, accounted for about 50% of foreign students in the USA. Some schools such as the University of Southern California, Colombia University and New York University had over 10,000 foreign students each.
In an effort to enhance the technological base of the state and to attract high-tech businesses, New York opened a bid to build a technology-based university campus, and pledged to invest $100 million to be used to build the infrastructure. Cornell University and Technion proposed to build a $2-billion campus on Roosevelt Island in the State of New York, and their proposal was accepted (Kiley, 2011) . This example demonstrates the pivotal role that the universities can play in the economic development of states.
Another example for the potential economic impact of universities is the work on artificial leaves. Through photosynthesis, leaves combine water, carbon dioxide, and sunlight into sugar which can be converted into liquid fuel. Well, if this can be done in nature without any human intervention, it can also be mimicked and be done artificially using the best minds in that area. The US Department of Energy has provided funds for $122 million to convert solar energy into renewable liquid fuels through 'artificial photosynthesis (Bohan, 2010) . The project was led by Lawrence Berkeley Laboratory and the California Institute of Technology. So the leading technological university in the world is working on developing a product that, if successful, might make the country a leader in solar technologies and initiate the formation of start-up companies in this area.
Human capital and other indicators in knowledge-intensive economies
As the world economies become increasingly technological, having the manpower with the required skills in sciences and engineering is becoming more and more important to enhance a nation's innovative capacity and thus economic competitiveness. As a result, attracting young people to science and technology fields, equipping them with the required knowledge and skills and retaining them in the highly competitive and mobile global workforce environment have been a priority for nations.
A measure of innovation capacity of a nation is the number of researchers and the fraction of population working in R&D. Universities carry a major responsibility in meeting the country's needs for knowledge workers. Figure 1 shows the number of researcher in some countries and regions. The growth rates for South Korea and China in the last decade are remarkable.
In China, about half of the undergraduate degrees are in sciences and engineering (S&E) compared to one-third in the US special attention is given to doctoral education to bring up most highly skilled and specialised researchers. In 2012, nearly 200,000 doctoral degrees were awarded in S&E, with the USA warding 35,000 of them, China about 32,000, India 14,000, Germany 12,000, UK 11,000 and France 8,000 (NSF, 2016) . Figure 2 shows the variation of the number of doctoral degrees in S&E in some countries and regions over the period 2000-2013. The USA is the country of choice for graduate education, so it is no surprise that it leads the world in the number of doctorate degrees conferred in S&E. A large proportion of the S&E doctorate graduates are international students with temporary student visas, constituting 37% of S&E doctoral degrees awarded in 2013. However, over 60% of these doctorate receivers find employment in the USA and end up staying there. Global R&D expenditures reached $1.671 trillion in 2013, and two countries -USA and China -account for about 50% of it, followed by Japan at 10% and Germany at 6% (NSF, 2016). Gross domestic expenditures on R&D of some countries and regions in purchasing power parity (PPP) are given in Figure 3 . In 2016, the global R&D investment is forecast to reach $1.948 trillion, with USA spending $514 billion (26.4%) and China $396 billion (20.3%) (IRI, 2016) . A considerable fraction of this R&D is conducted in universities.
The leading countries and companies in technology development are typically the leaders in R&D expenditures. Among companies, the pharmaceutical companies were the leaders in 2011 R&D spending: Roche Holding with $9.6 billion (21% of revenues), Pfizer $9.4 billion (14% of revenues), and Novartis $9.1 billion (18% of revenues) 5 . The motivation for such major investments is clear: The produced knowledge which is initially in an intangible form like articles, reports and patents, becomes a key input into tangible products, processes, business models and services, and generates economic activity. New knowledge and technologies developed transform not only manufacturing, but also service industries such as health care, education and information and communication. By OECD estimates, 29% of global economic output or world GDP heavily involves new advances. This fraction is 39% in the USA (NSF, 2016) .
Another measure of innovation capacity of a country is R&D intensity, which is the fraction of GDP spent on R&D. It is about 2.5% for OECD countries and goes as high as 4.2% in the case of South Korea, as shown in Figure 4 . Human and financial resources devoted to R&D are given in Figure 5 in a condensed form for several countries. When we talk about international trade, what comes to mind is tangible goods crossing borders. With the advent of the generation of new knowledge and technologies and the practice of selling or licensing intellectual property to other countries, the export of intangible commodities is becoming increasingly important in international marketplace. The transaction of intangible assets generates income in the form of royalties and licensing fees. Global exports of royalties and licensing fees, which totalled less than $3 billion in 1970, amounted to $255 billion in 2013. In 2013, the USA was the world leader in intellectual property export, with a 50% global share of royalties and licensing fees generated, with a large trade surplus. The EU was the second largest with a global share of 21% (but with a small deficit in royalties and licensing fees trade) and Japan was the third largest with 12% share, as shown in Figure 6 . The global shares of royalty and licensing fees export of China and India were less than 1%. Transformative or disruptive innovations are technological developments that truly transform the market -like digital photography rendering films obsolete and resulting in the bankruptcy of photography company Kodak in 2013 that employed 145,000 people at one time. Likewise, when the transistor was invented in 1948, no one could even imagine that the world will not be the same. Development of such novel technologies often requires a good understanding of the basics and the capability to manipulate them, which can be done through basic research as opposed to applied research and product development. The aim of basic research is to gain an understanding of fundamental phenomena in nature with no specific applications in mind. Therefore, it involves a large amount of uncertainty and risk which act as deterrent for private companies, especially those which cannot reserve funds for long-term research. Therefore, a substantial fraction of basic research is funded by governments through government research institutes and universities. In 2012, the USA spent 17% of its R&D funds on basic research while China spent just 5% (NSF, 2016) .
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Universities are receiving an increasing number of patents every year. Industry-university partnerships are becoming commonplace. Many students start their own companies after graduation, and leadership and entrepreneurship training of students is becoming increasingly important. Through leadership training, students acquire skills in setting-up appropriate teams, collaboration, conflict management, interacting, motivating, decision making and even functioning in the international arena. Some schools already have entrepreneurship and leadership courses in their curricula to better prepare their students to real life after graduation.
Academic R&D: the US example
The R&D expenditures of US academic institutions amounted to $64.7 billion in 2013. This is 14.2% of the USA total of $456.1 billion, which has ranged between 11% and 15% annually during the period 1993-2013. If the US academic institutions were a country, it would be the sixth largest R&D-performing country after the USA, China, Japan, Germany and South Korea. $15 billion of the R&D funding (3.3% of the US total) in 2013 came from the academic institutions themselves.
The large scope of the academic R&D and education in the USA provides a good example for demonstrating the critical role the academic institutions can play in a nation's STI ecosystem. The US universities and colleges conduct the nation's over half of the basic research, and thus make a significant contribution to innovation by generating new knowledge that enhances our understanding of fundamental phenomena. The highly successful US model for graduate education and academic R&D serves as a centre of attraction for international students and researchers which ensures its dynamism and vitality. Based on the 2016 Science and Engineering Indicators by the National Science Foundation (NSF, 2016) , the highlights of the academic R&D in the USA can briefly be summarised as follows:
• Universities and colleges continued to be the primary performers of US basic research in 2013, accounting for 51% of the $80.5 billion of basic research performance. Funding for basic research came primarily from the federal government (47%) and the business sector (26%).
• A significant amount (21%) of the $90.6 billion applied research was also performed by the universities and colleges in 2013. The business sector was the leader in this segment with 56%, which also provided 51% of the funding for applied research.
• Life sciences received the largest share (59%) of funding in academic S&E R&D in 2014, followed by engineering (17%).
• The recent trend of research collaboration involving multiple institutions and fields in overall academic R&D continues.
• The academic workforce with research doctorates in S&E was 370,000 in 2013, of which 309,000 was US-trained and the rest foreign trained. The share of all US-trained S&E doctorate holders employed in academia dropped from 55% in 1973 to 42% in 2013.
• 27% of US-trained doctorate holders in academia were foreign born, contrasted with about 12% in 1973. About one-half of all US-trained post doctorates (postdocs) were born outside of the USA.
• Approximately 43,000 S&E doctorate holders were employed in academic postdoc positions in 2013. Almost 115,000 graduate research assistants conducted research in academia in 2013, underscoring the tight link between advanced education and direct cutting-edge research training.
• US researchers accounted for just under one-fifth of the global output volume of peer-reviewed S&E articles; academic researchers contributed about three-quarters of the US total.
• The USA and China have reached approximate parity in S&E publications in their respective shares in 2013, at 18.8% and 18.2%, respectively. Between 2003 and 2013, the US share of the world's total S&E publications declined from 26.8% to 18.8% while China's share almost tripled from 6.4% to 18.2%. Japan, the country with the third-largest share of S&E publications in 2013, experienced a decline from 7.8% to 4.7% over this period. Shares of Germany and the UK, fourth and fifth largest producers, declined from 6.0% to 4.6% and 6.2% to 4.4%, respectively. After a decade of 13.6% average annual growth, India is the sixth-largest producer of S&E articles, with a 4.2% share of world S&E publication output in 2013. South Korea reached 2.7% and Brazil 2.2%. Iran, a developing nation with a much smaller publication base in 2003, grew to a 1.5% global share by 2013, becoming the 16th-largest producer of S&E publications.
• Biological and medical sciences dominate research output in the USA, Japan and the EU. Engineering dominates in China.
• S&E research publications are increasingly collaborative as well as increasingly international in authorship. More than 60% of global S&E publications had multiple authors in 2013, compared with less than half of such publications in 2000. Internationally co-authored publications grew from 13.2% to 19.2% of all co-authored publications over the same period. In the USA, 33% of publications were co-authored with institutions in other countries in 2013, compared with 19% in 2000. Among the major producers of S&E publications, the UK had the highest international collaboration rate of 51% in 2013.
• In 2012, publications with US authors were almost twice as likely to be among the world's top 1% most-cited publications. The S&E publications from the Netherlands and Sweden are more than twice as likely to be among the top 1% of highly cited articles; S&E publications from Switzerland, almost three times as likely.
• US academic patents have been on a rising trend since 2008. Patents granted by the US Patent and Trademark Office to US academic institutions reached 5,990 in 2014, accounting for 4% of the patents issued to US owners. The largest technology category for US academic patents in 2014 was pharmaceuticals, which made up 16% of patents to academic institutions, followed by biotechnology with 13%.
Productivity in publications comes with funding the R&D activities. The National Science Foundation compiles data on the research expenditures of academic institutions in the USA. The research expenditures of top universities are listed in Table 1 . Johns Hopkins University, which was the first academic institution that exceeded the $2 billion mark in 2010, is currently the leading university in research funding. Source: NSF (2015) The examples given above and the discussions presented show that the universities can be a powerful engine in the economic development of a country by making a significant contribution to the STI ecosystem. Therefore, the universities should remain as important components of the STI infrastructure of a country and be properly supported.
Creativity, freedom and innovation
Engineering and technology development are creative activities, and nourishes best in lands of freedom. As Einstein said, "everything that is really great and inspiring is created by the individual who can labour in freedom". Therefore, no scientific breakthroughs can be expected from people who live in societies that lack basic freedoms like the freedom of expression. So it is no surprise that the countries that are leaders in sciences and technology are also leaders in democracy and personal rights and freedoms, including academic freedom. One cannot speak of innovation and real engineering in closed and oppressed societies, and the number of patents is a good indicator of this. John Leinhard of the University of Houston went so far as to say "the mother of invention is freedom". Engineering is about innovation, and the basic human trait that drives the development of new technologies and new products, processes, or services is creativity. This innate ability can be activated and mined, but it is not something that can be taught. Creativity can be enhanced through exercises that make use of this trait. Solving a homework problem on a given topic is a routine learning activity. But coming up with a novel homework problem on that topic is a creative activity. Likewise, reading a book and then answering questions on the content of the book is a routine learning activity. But reading half of a book and then writing the other half using the power of imagination is a creative activity.
Humans are imagining beings, and people are as big as their imaginations or dreams. By the power of imagination, humans bring non-existing things into existence in the world of imagination. Imagination and creativity form the foundation of innovation. Bringing the imagined things into the physical world is done with skill and knowledge.
The lack of imagination has caused embarrassment for some prominent people who spoke too soon: "Everything that can be invented has been invented" (Charles Duell, Commissioner of the US Patent Office, 1899). "I think there is a world market for maybe 5 computers" (Thomas Watson, Chairman of IBM, 1943) . "It's a great invention but who would want to use it anyway?" (Rutherford B. Hayes, US President, after a demonstration of Alexander Bell's telephone, 1877). "There is nothing new to be discovered in physics now; all that remains is more and more precise measurement" (Lord Kelvin, mathematician and physicist, 1900).
In his 7 March 2004 article in New York Times, Thomas Friedman summarised the secret of the success of the US innovation system as follows:
"America is the greatest engine of innovation that has ever existed, and it can't be duplicated anytime soon, because it is a product of multiple factors: Extreme freedom of thought, an emphasis on independent thinking, a steady immigration of new minds, a risk taking culture with no stigma attached to trying and failing, a non-corrupt bureaucracy, and financial markets and a venture capital system that are unrivalled at taking new ideas and turning them into global products." (Friedman, 2004) He also quoted Nandan Nilekani, the CEO of Infosys, India's IBM, as saying "You have this whole ecosystem [that constitutes] a unique crucible for innovation. I was in Europe the other day and they were commiserating about the 400,000 [European] knowledge workers who have gone to live in the U.S. because of the innovative environment there. The whole process where people get an idea and put together a team, raise the capital, create a product and mainstream it -that can only be done in the U.S."
Science and technology are the engines of progress, welfare, and prestige, but they should not be confused with each other. Technology is closely associated with commercial value, but science is not. Technology converts scientific inventions into products and profits. Biologists try to understand life. Biotechnologists and bioengineers try to find ways to make money out of life. Due to the lure of money, the science of biology is becoming more and more like biotechnology (new drugs, artificial body parts, genetically modified organisms, etc.)
Understanding photosynthesis is science. But developing ways to build 'artificial' leaves that combine carbon dioxide, water, and sunlight into sugar is technology. Robert Laughlin (Nobel in physics, 1998) attracts attention to the difference between science and engineering in a humorous way: "In science, you gain power by telling people what you know; in engineering, you gain power by preventing people from knowing what you know. Chronic confusion and ignorance are the rule, rather than the exception, in engineering for the simple reason that everyone is withholding information from everyone else on intellectual property grounds." (Laughlin, 2005) Creativity is not limited to sciences and engineering. Writing a very imaginative screenplay or novel is also a very creative activity. Educators should make a conscious effort to encourage creative thinking, and to incorporate ways to foster it. One way to accomplish it is to pose open-ended questions during lectures, and holding group discussions. Instructors should facilitate discussions to allow good ideas to develop and build up rather than presenting information only.
It is often stated that high school students in Asia often do better than American students on international math and science tests (like PISA). Schools in countries like China and South Korea do better at preparing students to take tests. Yet some of these same countries want to learn what makes American students good at creativity and critical thinking. Physics professor author Michio Kaku makes the distinction that "In Asia, the students often have test scores that soar beyond those of their counterparts in the West. However, much of that learning is book learning and rote memorization, which will take you only to a certain level. To reach the higher levels of science and technology, you need creativity, imagination, and innovation, which the Eastern system does not nurture." (Kaku, 2011) An important feature that separates modern teachers from traditional ones is that modern teachers put more emphasis on imagination and creativity rather than rote learning and they are a source of inspiration for their students. W.A. Ward tells "the mediocre teacher tells. The good teacher explains. The superior teacher demonstrates. The great teacher inspires".
Bharati Mukhejee reaffirms: "what was the duty of the teacher if not to inspire?" Knowledge is of course important. But no progress can be made with knowledge alone without imagination and creativity. A computer may contain more information than any person can ever learn. But that computer cannot do anything of its own because it lacks comprehension and imagination. It has value only in the hands of 'thinking' (creative) people. This shows how important it is to digest what is learned and to improve the power of imagination at schools together with rote learning. Being able to answer questions about a subject is important. But being able to ask imaginative questions about a subject is more important. As Alice Rollins puts it, "the test of a good teacher is not how many questions he can ask his pupils that they will answer readily, but how many questions he inspires them to ask him which he finds it hard to answer".
Closure
From conception to a commercial product/process/service to economic activity, innovation is a chain which is as strong as its weakest link. The conduciveness of the general R&D environment and the vitality and robustness of the support mechanisms are essential for a sustainable innovation ecosystem that will spur significant economic growth. The higher education system plays a pivotal role both for the generation of new knowledge by conducting basic research, and the training of the highly skilled human capital needed for knowledge-intensive economy. The higher education institutions also serve as the memory for the preservation of knowledge and its transmission to future generations. In this highly globalised world with global competition, the factors discussed in this paper constitute essential ingredients for a successful innovation ecosystem for the consideration of all nations.
